ABSTRACT Sudden deaths and chronic cardiovascular diseases have been reported in excess frequency from the explosives industry. Forty-two active dynamite workers and 43 healthy, unexposed workers have been studied by ambulatory electrocardiographic monitoring during two 24-hour periods covering an exposed shift and the "abstinence phase," 40-64 hours after the last exposure to dynamite. To achieve comparability the non-exposed individuals were screened for risk factors of heart disease in the same way as those employed in exposed work. No statistically significant differences were found between the groups concerning the mean individual number of ventricular or supraventricular ectopic beats per hour or per 10 000 heart beats during the whole recorded time.
Sudden deaths in excess frequency have been reported from the explosives industry since the 1 950s and so-called "Monday deaths" have occurred in the "abstinence phase"-that is, 36-72 hours after the last exposure to nitroglycol or nitroglycerin. '2 Nitrate esters act as vasodilators immediately after absorption in the body and have been used as such in medicine for more than a century. Coronary vasospasm, however, has been shown in the abstinence phase as a withdrawal phenomenon and is thought to be the cause of the precordial pains often reported from dynamite workers during that time. 3 Among men employed a long time in the explosives industries an increased risk of dying from chronic cardiocerebrovascular diseases might also be present. 45 The conditions of hygiene in the explosives industries have, however, improved considerably during the past two decades,67 but longitudinal, prospective epidemiological studies for evaluatReceived 12 July 1979 Accepted 8 August 1979 ing a possible remaining risk from today's lower exposure levels would take a considerable time to complete. Therefore, supplementary methods for indicating cardiac disturbances have been sought, such as ambulatory 48-hour electrocardiographic monitoring.
In animal studies indications have been obtained that the sensitivity of the heart to epinephrine increases 24-48 hours after the last exposure to nitrate esters, resulting in an increased mortality of the exposed animals compared to controls and more frequent ventricular ectopic beats.8 9 Increases in sympathetic activity during myocardial ischaemia have been found to cause ventricular arrhythmias, including fibrillation, and prolonged QT-time. Prolonged QT-time has been associated with increased risk for sudden death in people with ischaemic heart disease.10 Furthermore, men with a large number of ventricular ectopic beats (>100/ 300 coronary cineangiogram during the abstinence phase and showed coronary arteriospasm, which was readily reversed by nitroglycerin. We may entertain the hypothesis that the increased risk of sudden deaths among dynamite workers could be caused by ventricular fibrillation from an increased sympathetic activity during the abstinence phase combined with a relatively ischaemic myocardium because of coronary spasm in sensitive individuals. Such a hypothesis would be supported if the dynamite workers had more cardiac disturbances and longer QT-times compared with controls, especially in the abstinence phase. Continuous ECG recording could be used for displaying the cardiac rhythm during different periods, but only a few studies have been designed to examine the type or frequency of cardiac disturbances on continuous monitoring among healthy, working men screened for coronary heart disease. It was assumed that electrocardiographic abnormalities would reflect the effect of explosives on the incidence of sudden death, and with this assumption we undertook this study to assess the effectiveness of current environmental control by means of long-term electrocardiographic monitoring.
Material and methods

SELECTION OF SUBJECTS AND HEALTH SCREENING
Forty-nine healthy male dynamite workers, native Swedes, were available for study at the explosives factory of this investigation. They had been employed in dynamite work between four months and 27 years and had different degrees of exposure to dynamite. Their ages ranged from 18 to 62. The controls were chosen from native Swedes who were employed at the same company but had never been occupationally exposed to dynamite.
Pre-employment examinations and annual health check-ups had excluded subjects with risk factors for heart disease from dynamite exposure. Therefore a similar screening procedure had to be applied among the controls to avoid selection bias. Exposed as well as unexposed subjects were examined and completed the (translated) self-administered version of the London School of Hygiene Cardiovascular Questionnaire.13 Questions were added about a family history of heart disease and high blood pressure among parents and siblings under the age of 61 and concerning smoking and alcohol habits (in the same categories as Doll and Hill14 and Myrhed15 respectively).
The blood pressure was measured in the right arm with a standard mercury sphygmomanometer while the subject was seated. As a preliminary analysis a slow speed paper print for heart rate counts was recorded and at the same time a skilled technician checked on the oscilloscope whether any arrhythmias occurred. All tapes that seemed to be without arrhythmias were rechecked visually by another technician. The tapes with arrhythmias were later checked by the participating physiologist (BS). In cases of complicated arrhythmias or doubtful nature of the ectopic beats, printouts at 50 mm/s were used. All analyses were made without knowledge of the activity or occupation of the recorded subject.
PROTOCOLS
The average heart rate for each 30-minute period was evaluated from the slow speed frequency paper prints. The number and quality of ectopic beats or arrhythmias were notified on individual protocols for each recorded hour without knowledge of the activity and exposure status of the subject. After the analyses of the recordings were finished, the mean heart rate, the number of ectopic beats, etc were summarised for different periods of exposed hours, working hours without exposure, leisure hours awake, and sleeping hours for the respective 24-hour period.
QT-TIMES
The QT-intervals were measured from five nonconsecutive beats and corrected for the heart rate according to Bazett's'6 Thirty-one subjects were employed in the more heavily exposed operations of mixing and cartridge filling while 10 were exposed to low concentrations of nitrate esters (unknown for one). The eight-hour TWA-concentrations have been calculated by taking the mean value of each operation from the exposure measurements during the autumn of 1977 and the spring of 1978 and adjusting for the mean number of hours in exposed work-that is, the exposure measurements were not taken during the actual work 302 shifts when ECG were recorded. Nitration, washing, and most of the mixing are automated operations, and the operators are only exposed for shorter times and then instructed to wear breathing protective equipment as well as gloves, which, however, does not exclude exposure as nitroglycol vapours are absorbed in the gloves and secondarily through the skin. 17 
Results
The main purpose of the study was to compare the frequency of cardiac disturbances during an exposed work shift and a period 40-64 hours after the last contact with nitrate esters among dynamite workers and controls at the corresponding time. Therefore, five dynamite workers had to be excluded from the analyses as they were not exposed during the Friday shift, due to temporary replacements. Technical tape recorder failures made analyses impossible from the recordings of seven subjects-five controls and two dynamite workers. Thus the reported calculations have been performed on recordings from 42 dynamite workers and 43 controls.
The dynamite workers and the controls were comparable in age distribution, smoking habits, height, weight, blood pressure, and cholesterol concentration (table 2). The dynamite workers stated a somewhat higher average alcohol consumption than the controls (p = 0-11) but no more than the Swedish average consumption, 4-5 kg/yr among men.15 Twenty and a half per cent of the dynamite workers and 42-9% of the controls had close relatives who had died from or had been treated for heart disease or hypertension before the age of 61 (p = 0-06).
Hogstedt, Soderholm, and Bodin
The total number of observed ventricular ectopic beats (VEB) and supraventricular ectopic beats (SVEB) were 6623 and 7766 respectively. These numbers were heavily influenced by a few subjects with large numbers of extrasystoles (table 3) . The mean values of the individual mean number of VEB per hour or per 10000 heart beats were rather similar in the two groups. For the SVEB variables there was a tendency towards larger mean values for the exposed group, but they were not significantly different from those of the control group.
The difference in the mean number of ectopic beats per hour and per 10000 heart beats respectively between the second and the first 24-hour period was studied according to the hypothesis that exposed dynamite workers might have an increased number of cardiac disturbances in the abstinence phase but no statistically significant differences were found (table 4). In fact the tendency seemed to be the reverse, but the figures are heavily influenced by a few subjects with large numbers of ectopic beats. Table 5 shows the frequency distribution for the individual mean number of ectopic beats an hour during the two periods of observation, separately and together. The class limits have been chosen to be analogous with those used in some previous studies.1819 The distribution is skew with very few individuals in the classes with more than five VEB an hour on average. There are no significant differences between the two groups, either separately or together.
Further analyses were made concerning the number of workers in the respective group displaying any VEB or SVEB. Thirty-five subjects showed at least one VEB during the 48-hour recording, 43 at least one SVEB, and 34 had no extrasystoles at all. The proportion of subjects with and without VEBs and SVEBs respectively was similar in the two groups. For those subjects, however, who showed ectopic beats in only one of the two 24-hour periods there was a tendency in the dynamite group for these to be in the second period ( The mean of the corrected QT-times was similar for the two groups in each of the six calculated periods, and there was no tendency towards longer QT-times during the abstinence phase for the dynamite workers.
Discussiori
The validity of a study of this kind and the conclusions that may be drawn depend on the comparability in background variables for the exposed group and the controls, the probability of detecting serious cardiac disturbances during the recorded time, and the relevance of continuous ECG monitoring for the observation of such cardiac disturbances as well as the analytical and statistical treatment.
COMPARABILITY OF STUDY GROUPS
The dynamite workers were comparable with the control group in most background variables, but hereditary background and stated alcohol consumption differed. Neither heredity nor alcohol consumption, however, correlated with the occurrence of ectopic beats according to multiple regression analyses.
Chronic alcoholism has been associated with heart disease and cardiac arrhythmias, particularly atrial fibrillation,20 but the effect of moderate alcohol consumption in normal men seems to be more uncertain. 15 Since the late 1950s health check-ups with increasing strictness for cardiac risk factors have been performed in the studied industry, and no one with signs of suspected heart disease has been allowed to continue in exposed work. Of the dynamite workers, 31 had had health check-ups at least once as well as the examination preceding this study. Some of these had been examined more than 20 times, while the controls were screened only once for selection to this study. Increasing time of ECG recording has been shown to increase the detection of cardiac disturbances.21 Therefore, the dynamite workers have been better screened for cardiac disturbances and might have had a more favourable "heart health state."
CONTINUOUS ECG MONITORING FOR DETECTING SERIOUS CARDIAC DISTURBANCES
Twenty-four-hour ECG monitoring was found to detect more ventricular ectopic activity and repetitive forms, such as couplets and ventricular tachycardia, compared with exercise tests in cardiac patients.22 No study of comparison between exercise test and 24-hour ambulatory monitoring among healthy subjects has been found, but continuous recording during normal activity has some attraction as it more accurately reflects the real condition and covers much longer times and more activities. Nevertheless, 24-hour recording for routine health check-ups imposes considerable strains on the medical health service, the analysing physiological laboratory, and the monitored subjects.
Risk factors for mortality among people with evidence of coronary heart disease might differ from those operating in subjects without such signs-for instance, Rose et a123 found no correlation between VEBs on short-time ECG or QTc among healthy men initially free of evidence of ischaemia and subsequent deaths from coronary heart disease. Furthermore, smokers and non-smokers had similar frequency and quality of cardiac disturbance in this study, as well as in another,18 although smoking is a well-known risk factor for increased cardiac mortality.24 An excess frequency of myocardial infarction was reported among staff workers compared with production line-workers in a car assembly factory, but no differences were found with 24-hour ambulatory ECG monitoring.25 26 Sudden deaths among dynamite workers are not very frequentper se, although they have been reported in excess frequency compared with the average population.2 In the studied plant, where about 100 people have been employed in the dynamite line at the same time, only one accepted case of "Monday death" has occurred during the past 25 years (and three more cases have been discussed). Ventricular fibrillation is a rare phenomenon among cardiac patients and cannot be expected to occur among healthy subjects.27 The frequencies of ectopic beats noticed both among the dynamite workers and the controls agree reasonably well with the frequencies among healthy men reported by others.18 26 Ventricular tachycardia has been observed only occasionally among those screened for cardiac risk factors.9 21 Therefore, the single period of ventricular tachycardia observed in this study in a dynamite worker during the abstinence phase and just after getting out of bed on Monday morning, might be of some interest. This 51-year-old man had worked with dynamite for 22 years, firstly as a heavily exposed mix-house worker but during later years as TV-supervisor with exposure only during 30 There are some difficulties in quantifying and analysing the results from continuous ECG recordings among healthy subjects. The distribution of observed arrhythmias was skew as many subjects did not show any abnormalities, while a few subjects had large numbers of ectopic beats. Most of these analyses have been based on binary variables and distribution-free methods for statistical testing, not relying on specific normality or homoscedasticity assumptions.
The applied methods are considered valid since they are robust, adapted to the actual distributional properties of the data under study, and due to the close similarity between the conclusions reached with all the tests.
Some of the background variables have been introduced in the analyses, but a more detailed study of their influence was limited by the relatively small number of subjects available for recording.
SUMMARY AND CONCLUSION
No significant differences were observed between the dynamite workers and the control group in respect of the mean number of ectopic beats per hour or per 10000 heart beats, and the frequency of subjects with any ectopic beat was also similar in the two groups. Among those who showed only ectopic beats during one of the two periods, more dynamite workers than controls showed ectopic beats during the second period, but the tendency was not very strong and the numbers were small. Furthermore, the mean QTtime was not longer during the abstinence phase compared with periods around or directly after exposure.
The results should not be taken as a guarantee that the present exposure levels are safe for either acute or chronic cardiac effects. Risk factors for manifest heart disease and sudden deaths among people with signs of coronary heart disease might not have the same prognostic value in healthy subjects without such signs. On the other hand, the results do not urge for diminished exposure levels.
Several cases with complicated and large numbers of VEBs were detected by continuous recording but not so on repeated short-time ECGs. The accomplishment of this study shows that continuous ECG monitoring could be used for ambulatory surveillance of cardiac disturbances in active workers. 
